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(S) A method and a device for transmitting the data over a noisy medium. 

@ A method and a device for transmitting data 
within a predetermined frequency range over a 
noisy medium, wherein a spread spectrum data 
independent signal formed by a pseudo noise 
code is mixed with the data to be transmitted for 
forming a spread spectrum datasignal, which 
datasignal is modulated and at least 50 % of the 
power of the modulated datasignal is transmit- 
ted within said frequency range, wherein each 
chip of the data signal to be transmitted is 
substituted by a wave shaped signal having a 
raised cosine spectrum, which wave shaped 
signal is thereafter truncated by means of a 
truncation window whereby the spectrum 
broadening is kept limited within said frequency 
range in order to obtain a further wave shaped 
signal which is, considered in the time domain, 
limited within the time of a predetermined 
period. 
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The invention relates to a method for transmitting data within a predetermined frequency range over a noisy 
medium, in particular the electricity mains network, wherein a spread spectrum data independent signal formed 

by a pseudo-noise code comprising N(N e ^jA {0}) chips per databit is generat d and mixed with the data to 
be transmitted for forming a spread spectrum datasignal, which datasignal is modulated on a carrier having a 
frequency f D chosen within said frequency range and wherein a chip frequency f c is used which is substantially 
a whole fraction (M, 2f 0 = f c M) of the double of the carrier frequency and at least 50 % of the power of the mod- 
ulated datasignal is transmitted within said frequency range, and wherein a correlation operation with the pseu- 
do-noise code is applied to the received data signal for extraction of the data. The invention also relates to a 
device for performing such a method. 

Such a method and device is known from the article of Robert A. Piety entitled : "Intrabuilding data trans- 
mission using power-line wiring" published in Hewlett-Packard Journal part 38 n° 5, 1987 Palo Alto US, pages 
35-40. In this article there is described how a spread spectrum data independent signal is generated with which 
the data to be transmitted is mixed. The thus formed datasignal is modulated on a carrier whose frequency is 
chosen within the frequency range within which the data has to be transmitted. By further applying a correlation 
operation with the pseudo-noise code at the receiver side the data to be transmitted can be extracted in a simple 
and reliable manner. 

As a medium over which the datasignal is transmitted the mains network is used. Data communication over 
the mains is i.a. applied for the automatic reading of the actual index of the electricity meter, in order to detect 
fraud, or for switching from the one tariff regulation to another one, for example from night to day tariff. The 
nature itself of the mains does not render the latter directly suitable for data communication. Indeed the mains 
is a noisy medium because i.a. a lot of perturbations are induced on that mains by on/off switching of loads, 
by means of perturbation signals injected onto the mains by connected devices etc... Transmission over the 
mains network includes that measures have to be taken in order to transmit a signal over such a noisy medium. 
Because attenuation levels of 60 to 70 dB of the transmitted signal are no exceptions, they have also to be 
taken into account during the transmission. The use of a pseudo-noise code having a spread spectrum and 
the modulation on a carrier of the data signal to be transmitted enables to transmit the data in a reliable manner 
over the mains. 

A drawback of the known method is however that the side lobes of the modulated datasignal to be trans- 
mitted still comprises a large amount of energy. However because the allowed frequency range for data trans- 
mission via the mains is strictly limited, namely between 9 KHz and 95 KHz, care has to be taken that 
substantially no signal is present outside the allowed frequency range. The latter could lead to perturbations 
in further signals present in the frequency ranges situated outside the allowed range. Because by the known 
method and device there is still a large amount of signal present in the side lobe this leads to the presence of 
energy outside the allowed range, unless extensif filtering is applied. 

It is an object of the invention to provide a method and a device for transmission of data over a noisy medium 
wherein only a substantially reduced fraction of the datasignal is transmitted outside the allowed range, without 
having bad consequences for the quality of the datasignal to be transmitted, and for further signals which would 
eventually be present outside the allowed range. 

A method according to the invention is therefore characterized in that each chip of the datasignal to be 
transmitted is each time substituted while maintaining the chip value by a wave shaped signal having a raised 
cosine spectrum, which spectrum is substantially inside said frequency range and which wave shaped signal 
is thereafter truncated by means of a truncation window whereby the spectrum broadening is kept limited within 
said frequency range in order to obtain a further wave shaped signal which is, considered in the time domain, 
limited within the time of a predetermined period, which truncation window is chosen in such a manner that at 
least the main lobe of the spectrum of said wave shaped signal is substantially completely inside said frequency 
range and wherein the signal contribution of the different wave shaped signals at a same point in time are added 
together. 

A device according to the invention is characterized in that the transmitter comprises substitution means 
provided for substituting while maintaining the chip value each chip of the data signal to be transmitted by a 
wave shaped signal having a raised cosine spectrum and being substantially inside said frequency range, which 
transmitter further comprises truncation means connected with said substitution means and which are provided 
for truncating said wave shaped signal by a truncation window wher by the sp ctrum broad ning is limited 
within said frequency rang in order to obtain a furth r wav shap d signal which is, consid red in the time 
domain, limited within the time of a predet nmined p riod, which transmitter comprises adding means connec- 
ted with said truncation means and provided for each time adding togeth r the signal contribution of the different 
wave shaped signals at a same time. By substituting ach chip by a wave shaped signal having a raised cosine 
spectrum there is obtained, considered in the frequency domain, a band limited signal. The use of a wave 
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shaped signal having a raised cosine spectrum however leads, considered in the time domain, in theory to an 
infinite time signal. Practically however that time signal is finite for technical reasons. This implies in fact an 
implicite truncation of the signal. Such a truncation would however lead to a spectrum broadening if it would 
not be carefully chosen. That spectrum broadening would than have for consequence that signal would be pre- 
sent outside the allowed frequency range. By now applying a truncation window wherein the spectrum broaden- 
ing is limited substantially no signal is outside to the allowed range. In this manner there is obtained, considered 
in the time domain, a time limited signal which substantially comprises all the information of the data to be trans- 
mitted. The truncation by means of a truncation window however leads, considered in the frequency domain, 
to a signal which is a little bit outside the allowed frequency range, however the intensity of which is so limited 
that this fraction of the signal gets lost in the noise. 

Of course the substitution is known from the communication theory and the truncation is known from signal 
processing, however the invention is mainly distinguished from the known technique by the fact that this known 
substitution can not directly be applied since this would lead to unacceptable spectrum broadening. The inven- 
tion is mainly based on the insight that through a combination of substitution and a careful choice of truncation 
the problem of unacceptable spectrum broadening is solved. The combination substitution-truncation offers the 
possibility to transmit within an arbitrary chosen range a spread spectrum dig ital signal without disturbing effects 
arising outside the chosen range. 

A first preferred embodiment of a method according to the invention is characterized in that for said trun- 
cation window there is chosen a period corresponding with the one of one databit. The construction of the trans- 
mitter is thus simplified. 

Preferably for said raised cosine spectrum there is chosen a rolloff factor comprised within 0.25 and 0.75. 
This allows to keep the power in the side lobes of the datasignal to be transmitted small. An optimum is thus 
obtained between range limitation and attenuation of the extremities of the signal considered in the time domain. 

A second preferred embodiment of a method according to the invention is characterized in that said mod- 
ulated datasignal is transmitted within the frequency range situated between 40 and 90 KHz, and said datasi- 
gnal is modulated on a carrier having a frequency of substantially 65 KHz and wherein M = 4 is chosen for said 
fraction. Standards impose the frequency rangeof 9 to 95 KHz for data communication by the utilities. Bychos- 
ing the frequency range between 40 and 90 KHz there is largely kept within the allowed range and the risk of 
stepping out of the allowed range is substantially eliminated. The choice of the lower limit of 40 KHz is based 
on the fact that below that limit the impedance of the mains is low and signal injection becomes difficult. The 
choice of the carrier simplifies the modulation within the chosen range and further offers the advantage that 
the chosen frequency range is well used. Moreover this has the advantage, because it is situated in the middle 
of the chosen frequency range that the signal can be symmetrically spread within the frequency range. 

A third preferred embodiment of a method according to the invention is characterized in that a sequential 
inversion keying (SIK) is applied while mixing the data and the pseudo noise code. This choice allows a great 
distinction (largest possible Euclidian distance ; antipodal system) in the vector representation between a 
databit with value "1" to be transmitted and a databit with value "0". This has moreover the advantage that on 
the receiver side a change of the transmitted bit value implies a jump in the correlation plane towards the other 
half plane, which simplifies the detection of the bitvalue change. 

A fourth preferred embodiment of a method according to the invention is characterized in that for a databit 
to be transmitted there is chosen a first time window extending over at least a first fraction of a bitperiod of the 
databit to be transmitted and at least a second fraction of the bitperiod of at least one databit preceding the 
databit to be transmitted and wherein for each value of the databit to be transmitted there is composed a first 
series of 2 m signal patterns, m indicating the number of bits preceding the databit to be transmitted of which 
signalsegments are present within the first time window, and wherein an ^(1 ^ i^2 m ) signal pattern of said first 
series comprises the wave shaped signal segment belonging to the first time window and obtained by substitu- 
tion and truncation and belonging to said value of the databit to be transmitted as well as the wave shaped 
signal segments belonging to that first time window obtained by substitution and truncation which belongs to 
the I th bitcombination of the 2 m possible bit combinations, which first series is stored in a first memory. This 
allows to take into account on beforehand the interbit interference with a preceding bit, thus enabling to prevent 
that a spectral broadening arises by the transmission of permuting databits. 

It is favourable that the signal patterns of said first series are segmentwise stored into the first memory on 
address locations which are addressable on the basis of a databit sequence of the data to be transmitted, and 
that for transmitting the modulated datasignal for ach databit to be transmitted, an address is g nerated on 
the basis of the bitvalue of the databit to be transmitted and the bitvalue of the m databits preceding the databit 
to be transmitted and wherein said first memory is addressed by said generated address. This considerably 
simplifies the transmission of a datasignal to the reading of a memory. 

By a fifth preferred embodiment of a method according to the invention the received modulated datasignal 



c 

EP 0 496 717 A1 



is sampled and demodulated for deriving a chip sequence, and wherein the chip sequence is synchronised with 
a pseudo-noise code generated at the receiver side and corresponding with the one used in the transmitted 
data signal. Such a method is characterized in that for synchronisation use is made of a third memory wherein 
the pseudo noise code values and their inverse are stored, which third memory is addressed by means of the 
5 demodulated elements of the chip sequence. The correlation operation is thus realised in an efficient manner. 

It is favourable that for recording the whole correlation curve, there is delayed over 1-chip period per databit 
period while addressing the stored pseudo-noise code. This allows to determine in an easy way the complete 
correlation curve and to recognize that data is received which has been mixed with the chosen pseudo-noise 
code. 

10 A sixth preferred embodiment of a method according to the invention is characterized in that the received 

modulated datasignal is supplied to a finite impulse response filter (F.I.R.) for correlation with said pseudo-noise 
code. This allows synchronisation within the time of one databit. 

A seventh preferred embodiment of a method according to the invention is characterized in that by mixing 
the data and the pseudo-noise code a sequential inversion keying is applied and that for extraction of the data 
15 value from the received modulated datasignal there is checked if with respect to a previous determination a 
jump from the one to the other half plane within the points in the correlation plane has taken place. Detection 
of the bitvalue of the received databit is thus easy to realise. 

Preferably an n-bits (ni=1) analog-digital conversion is applied to the received modulated datasignal and 
the presence of data in the modulated datasignal is checked by determining the ratio of the greatest with the 
20 second greatest maximum of the correlation values and by verifying if said ratio exceeds a further predeter- 
mined threshold value. The presence of data in the received signal is thus fast and efficiently determined. 

An eighth preferred embodiment of a method according to the invention is characterized in that there is 
sampled with a sampling frequency which is four times the carrier frequency and that the signal output of the 
finite impulse response filter comprises a sequence of phase- and quadrature values even as the inverted 
25 values of those phase- and quadrature values and wherein said sequency is separated in a first respectively 
a second subsequence comprising the phase, respectively the quadrature values, and wherein the values of 
each subsequence are each time converted to a same sign. The correlation and demodulation operation is thus 
realised in a fast and an efficient manner. 

A first preferred embodiment of a device according to the invention is characterized in that said substitution 
30 means are provided for determining a first time window for a databit to be transmitted, which first time window 
extends over at least a first fraction of the bit period of the databit to be transmitted and at least a second fraction 
of the bit period of at least one databit preceding the databit to be transmitted, which transmitter further com- 
prises a signal pattern generator connected with the substitution means and provided for generating a first 
series of 2 m signal patterns for each value of the databit to be transmitted whereby m indicates the number of 
35 databits preceding the databit to be transmitted of which signal segments are present in the first time window 
and wherein an (1s iS2<") signal pattern of said first series comprises the wave shaped signal segments 
belonging to the first time window and obtained by substitution and truncation and belonging to said value of 
the databit to be transmitted even as the wave shaped signal segments belonging to the first time window and 
obtained by substitution and truncation belonging to the i* bitcombination of the 2m possible bitcombinations. 
40 The use of a signal pattern generator enables an easy implementation of the transmitter. Furthermore gener- 
ation of such a series offers the possibility to take into account while sending the interbit interference. 

Preferably said signal pattern generator is formed by a first memory and wherein said transmitter comprises 
a first address generator connected with an address input of said first memory, said address generator having 
a first input for receiving a databit to be transmitted and a second input for receiving a clocksignal formed on 
45 the basis of the chip frequency, which address generator further comprises a delay element for delaying over 
at least one databit transmission period the supplied databit. which address generator is provided for generating 
an address on the basis of the supplied databit and the databit supplied by the delay element This enables to 
directly address the memory on the basis of the databit to be transmitted, which simplifies the transmission. 
A second preferred embodiment of a device according to the invention is characterized in that said third 
so memory is provided for storing at least two sets of modulated datasignals and wherein the modulated datasignal 
of each set are formed on the basis of a pseudo-noise code belonging to that set. The choice of two different 
pseudo-noise codes is thus possible. 

A third preferred embodiment of a device according to the invention is characterized in that the synchroni- 
sation unit comprises a further address generator having an input for rec iving the chip sequence elements. 
55 which further address generator comprises a second counter having a clock input for receiving a sampling fre- 
quency signal and which is provided for generating a second counting value on the basis of said sampling fre- 
quency signal, which further address generator is provided for generating an address formed by a first 
respectively a second addr ss part comprising said chip sequence element respectively said second counting 
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value. The supplied elements from the chip sequence can thus directly be used for addressing the third memory. 

It is favourable that the third memory is provided for storing at least two different pseudo-noise code sets 
with each time their inverse value. The receiver is thus made suitable to operate withmore than one pseudo- 
noise code. 

A fourth preferred embodiment of a device according to the invention is characterized in that the receiver 
comprises a multi-bit analog-digital convertor. A several level detection is thus possible making the receiver 
more reliable. 

It is favourable that said correlator comprises a finite impulse-response filter which is provided with serially 
switched delay elements for each time delaying the supplied chip sequence elements over a sampling period, 
which filter further comprises multipliers provided for multiplying the supplied chip value with the value of the 
pseudo-noice code and for therewith forming a product value, which multipliers are further connected with an 
adder provided for adding the supplied product values and thereof forming a correlation value as well in the 
phase as the quadrature channel. Synchronisation within the period of one databit is thus possible. 

The invention will now be described by means of the drawing showing preferred embodiments. In the dif- 
ferent figures a same reference sign has been assigned to a same or an analogous element. 

Figure 1 shows how a datasignal is buil up. 

Figure 2 illustrates the substitution of subsequent chips from a datasignal by a wave-shaped signal having 
a raised cosine spectrum. 

Figure 3 illustrates the truncation and modulation of the substituted signal. 
Figure 4 shows the eyediagram of the transmitted signal. 

Figure 5 shows an example of the spectrum of the modulated datasignal to be transmitted. 

Figure 6 shows an elementary realisation of a transmitter for transmitting a modulated datasignal. 

Figure 7 shows a preferred embodiment of a transmitter for transmitting a modulated datasignal. 

Figure 8 illustrates how the interbit interference is taken into account. 

Figure 9 shows a first preferred embodiment of a receiver according to the invention. 

Figure 10 illustrates an example of a differentially encoded data. 

Figure 11 shows the correlation value in the correlation plane of the data of figure 10. 

Figure 12 gives an example of the content of the third memory being part of a correlator shown in figure 

9. 

Figure 13 shows a second preferred embodiment of a receiver according to the invention. 

Figure 14 illustrates the correlation values at the output of the FIR filter belonging to the receiver of figure 

13. 

Figure 15 resp. 16 gives the correlation value for the phase axis resp. quadrature axis such as formed by 
the data processing unit being part of the receiver shown in figure 13. 

For the transmission of data over a noisy medium it is necessary to code the signal and in particular at the 
receiver's side to digitise in order to apply processing on the received signal thus enabling to extract from the 
received signal the transmitted data in the embodiment to be described hereunder there will be referred, only 
by way of example, to a binary signal which is transmitted over the mains. The invention is however not limited 
to transmission over the mains but is also applicable to other noisy media, such as for example railway lines, 
manufacturing halls etc... Under noisy medium there has to be understood a medium which is a priori less suit- 
able for data transmission because on that medium other data disturbing signals are already present, which 
further can have a comparable signal intensity. 

The wave a of figure 1 shows an example of a dataword to be transmitted, for example a 5-bit dataword 
10100. Preferably the data to be transmitted is differentially coded on beforehand. The wave pattern b from 
figure 1 shows the result of a differential coding applied to wave a. By that differential coding each "0" bit or 
low level present in the datastream to be transmitted, will result in a transition in the differential coded datas- 
tream. Each U 1 M bit or high level on the other hand will not cause a transition in the differential coded datastream. 
The differential coding allows some simplification of the receiver and of the transmission protocol, because it 
is thus not necessary to transmit reference bits at the beginning of the data to be transmitted. 

The differentially coded datastream is thereafter mixed with a spread spectrum data independent signal. 

This data independent signal is formed by a pseudo-noise code comprising N(Ne ^\ {0}) chips a databit. 
Under "chip" there has to be und rstood a code lement of a codeword that is transmitt d within a period T c . 
In the example c of figure 1 there are illustrated, for the sak of clarity, seven chips per databit Pr f rably how- 
ev r us is made of N = 63 chips per databit becaus a better immunity against disturbing signals is thus 
obtained. For the choice of the pseudo-noise code itself there are several possibilities such as for exampl an 
M-sequ nee, a Gold code or a K-sequence such as described in EPA 0 195 573. So it is possible to choose 
within a family of codes of which the cross correlation is low and enabling "Code Division Multiple Access" (mor 
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signals each with different codes can be simultaneously transmitted). 

Preferably a Sequential Inversion Keying (SIK)is applied by mixing the data and the pseudo-noise code. 
The wave pattern d of figure 1 illustrates such a keying. By this SIK the pseudo-noise code itself is taken for a 
databit with a value "1", while use is made of the inverted pseudo-noise code for a databit with value "0 tt . This 
5 has at the receiver side the advantage that a change of the transmitted bit value will have as consequence a 
jump to the other half plane in the correlation plane. The detection of the bitvalue of the transmitted databit is 
thus simplified. 

Due to the mixing of the data with the data independent signal a datasignal having a spread spectrum is 
formed. That datasignal is built up of a sequence of chip extracts e shown in figure 1. The transmission over 
w a noisy medium of the datasignal is realized by modulating the datasignal on a carrier wave. The frequency of 
the carrier wave is now chosen in such a manner that it is within the frequency range, within which the trans- 
mission has to take place. 

For transmission over the mains the frequency range 9-95 KHz is available. Preferably however a frequency 
range 40-90 KHz is chosen because with a frequency larger than 90 KHz there is a danger that the adjacent 
15 range could be disturbed and with a frequency lower than 40 KHz the impedance of the network is too low which 
renders the injection of the signal difficult. It will however be clear that the method according to the invention 
is not limited to the frequency range 9-95 KHz. 

Preferably there is now chosen a carrier frequency of approximately f Q = 65 KHz which is thus substantially 
in the middle of the chosen frequency range (40-90KHz). The choice of that modulation frequency has the 

20 advantage that the power of the datasignal to be transmitted is substantially symmetrically spread at both sides 
of that carrier and that the power will thus mainly be kept limited within the prescribed range. 

The chip frequency f c (the number of chips a second) is now so chosen that at least 50 % of the power of 
the modulated datasignal is transmitted within said frequency range. 

The modulated datasignal however shows, considered in the frequency domain, side lobes which signifies 

25 that power of the datasignal to be transmitted could be present outside the allowed frequency range. 

The power present outside the allowed frequency range has however to be kept limited to a minimum in 
order not to disturb further signals present outside the allowed frequency range. In order to keep to a minimum 
that power present outside the allowed frequency range there is now applied a processing on the datasignal 
before the datasignal is modulated with the carrier. That processing comprises the substitution of each chip of 

30 the datasignal to be transmitted by a wave shaped signal having a raised cosine spectrum. 

This substitution is illustrated by means of a simplified example shown in figure 2. The chip sequence 1001 
illustrated under a in figure 2 is the same as the one illustrated under e in figure 1. Forsake of clarity the pre- 
ceding and subsequent chips to that chip sequence are not taken into account for this substitution operation, 
this however does not render the principle of the substitution invalid. The first chip, with chip value "1", from 

35 that chip sequence is now substituted by the wave shaped signal having a raised cosine spectrum and illus- 
trated under b in figure 2. The wave shaped signal is preferably chosen in such a manner that the zero crossing 
each time exactly corresponds with a whole multiple of the chip period which keeps the interchip interference 
limited to a minimum. The maximum of the wave shaped signal b is thus situated on a moment in time which 
corresponds with the zero crossing of the wave shaped signals c, d and e. At that moment in time the interchip 

40 interference is than zero. This has than on its turn again positive consequences for the detection of the received 
signal which is detected in the neighbourhood of such a maximum. The second chip, with chip value "0 B , of 
the represented chip sequence is substituted by the wave shaped signal represented under c in figure 2. 
Because this chip has the value "0", it is substituted by a wave shaped signal which is the inverse of the wave 
shaped signal used to substitute the chip with value "1". In this manner the chip value is maintained by that 

45 substitution operation. Because that second chip is situated one period ahead with respect to the first chip, the 
wave top with most of the power of the wave shaped signal substituting the second chip is of course situated 
one period further than the one of the wave shaped signal substituting the first chip. The substitution of the 
third and the fourth chip of the represented chip sequence is realized in an analogous manner. The substituted 
wave shape is represented under d and e in figure 2. 

so A wave shaped signal showing a raised cosine spectrum is given by the equation given hereunder : 

x m - sin kVJ cos ft nVT 
U nVT ' 1 - 4 ft 2 t 2 /J2 
wherein ft indicates the rolloff factor and T the chip period. As is illustrated by this equation and by figure 2, 
the main part of the power is concentrated around the maximum of the wave shaped signal. The raised cosine 

55 spectrum thus allows, considered in the frequency domain, to limit the signal within the desired frequency range. 
As rolloff factor there is chosen a value situated between 0.25 and 0.75. Preferably however a rolloff factor of 
almost 0.5 is chosen because this provides a larger eye in the eye diagram. With values lower than 0.25 the 
eye diagram will get closed, which substantially deteriorates the quality of the signal. With values larger than 

6 
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0.75 the signal is spread over a too large band width. 

The substitution of each chip by a wave shaped signal having a raised cosine spectrum has however for 
consequence that, considered in the time domain, there is obtained an infinite signal. There is now for each 
chip signal present over a multiple of the chip period instead than over one chip period. This has for consequ- 
5 ence that the signal contribution of the different wave shaped signals at a same time has each time to be added 
together in order to obtain the total datasignal. In order to illustrate the latter there is given under f in figure 2 
the wave shaped signal obtained by adding together the wave shaped signals represented under b, c, d and 
e. 

The substitution of each chip by a wave shaped signal having a raised cosine spectrum offers indeed a 
10 band limited signal which, considered in the frequency domain, however gives a signal with an infinite response 
in the time domain. Practically however that signal is finite for technical reasons because it is impossible to 
digitise a theoretically infinite signal. This implies that an implicit truncation is applied on the signal which leads 
to a spectrum broadening which, considered in the frequency domain, could lead to the presence of signal out- 
side the allowed range. The wave shape a illustrated in figure 3 shows such a theoretically infinite signal. In 
15 that figure the period T b represents the one of 1 bit and T c the one of one chip. Under f there is in that figure 3 
than represented the same signal as illustrated under a but now considered in the frequency domain. As 
appears from that figure there is still an amount of signal present outside the period T b . This leads then to an 
interchip and interbit interference in the time domain. It is thus necessary to limit this expansion in the time of 
the signal. 

20 In order to limit now said time expansion and also the interchip and interbit interference the wave shaped 

signal is truncated by a carefully chosen truncation window. Under b in figure 3 such a time window is represen- 
ted. The truncation window is chosen in such a manner that at least the maximum peak of the wave shaped 
signal is substantially completely within that window. The truncation window is further chosen in such a manner 
that the spectrum broadening is limited within the allowed frequency range. Preferably the duration of the trun- 

25 cation window is chosen the same as the one of the bit period. Because however the originally finite frequency 
domain (figure 3f) becomes infinite by means of the truncation with the truncation window (figure 3g) the trun- 
cation window has to be carefully chosen. A choice of a (sin x) Q function with Q > 1 offers, considered in the 
time domain, a pattern that smoothly goes to zero signifying the lowest broadening in the frequence range. The 
larger Q, the more fluent the function will go to zero for x = 0 and x = 2 Ttrad. 

30 Under c, respectively h in figure 3 the result is shown for the time resp. the frequency domain obtained by 

applying that truncation window to the wave shaped signal with a raised cosine spectrum. As can be seen in 
this figure the application of that truncation window has for consequences that now outside the truncation win- 
dow, considered in the time domain, there is no more signal present. On the other hand, in the frequency 
domain, there is signal present outside the allowed frequency range. However the power of the latter signal is 

35 so limited that communication in the neighbouring frequency ranges will not be disturbed because the power 
of that signal present outside the allowed frequency range is below the noise level such as allowed by the stan- 
dard. Especially in a noisy medium that signal will be completely lost in the noise and will thus not form a dis- 
turbing element. 

It will be clear that the example shown in figure 3 is not the only choice for a truncation window. It is also 
40 possible to choose a truncation window with a period of more than 1 bit period or to choose the truncation win- 
dow asymetrically with respect to the main lobe of the wave shaped signal. 

The addition of the signal contribution of the different wave shaped signals is preferably applied after appli- 
cation of the truncation window to those wave shaped signals. This enables not to take into account the con- 
tribution of the signal situated outside the window. The obtained datasignal is thereafter modulated, with a 
45 carrier wave such as for example represented under d in figure 3, in order to obtain a modulated datasignal (e, 
figure 3). That modulation is performed by multiplying the datasignal with the carrier which leads to a modulated 
datasignal. Because every chip has been substituted while maintaining its sign by a wave shaped signal, the 
signal will have a same pattern as the one which would have been obtained by applying to the spread spectrum 
datasignal a Bi-Phase Shift Keying (BPSK). In a comparable manner a QPSK keying could be implemented. 
so In order to obtain a maximum eye opening in the eye diagram of the band transmission pulse as shown in 

figure 4 the double of the carrier frequency f D should be a whole multiple M (Me flsj \{0}) of the chip frequency 
f c , in such a manner that 2f c = f c . M. Together with the preceding condition for f c this leads to a preferred embo- 
diment wherein M = 4 or f c = 32.5 KHz by f Q = 65 KHz. The thus formed spectrum is shown in figure 5, clearly 
55 showing that the main part of the power of the transmitted datasignal is present within the frequency range 40-90 
KHz. In that figure 5 the horizontal resp. vertical axis gives the frequency in KHz resp. the power in dBm. 

The number f b databits per second that is transmitted with modulated datasignal is thus fully determined 
by the choice of f c and N and comprises in that embodiment fb = f<VN = fb = 515.87. 
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Figure 6 shows an elementary realisation of a transmitter for transmission of a modulated datasignal as 
described herebefore. The transmitter which is part of the device according to the invention comprises a data 
source 1, for example formed by an electricity meter or a calling station at the producer side. The data source 
1 is connected with a differential encoder 2 which is suitable to differentially code the supplied data. An output 
5 of the encoder 2 is connected with a first input of a mixing member 4 whose second input is connected with a 
codeword generator 3. The codeword generator 3 is suitable to generate said pseudo-noise code. The data 
source 1, the encoder 2, the codeword generator 3 and the mixing member 4 together form a datasignal 
generator. 

The mixing member 4 forms the datasignal by mixing the encoded databit with a pseudo-noise code. 
10 Thereby, such as already described, use is preferably made of a sequential inversion keying (SIK). The datasi- 
gnal is supplied to substitution-, truncation- and adding-means 5 which are provided to realise the herebefore 
described substitution of each chip by a wave shaped signal having a raised cosine spectrum even as to apply 
to that wave shapedsignal the truncation window and to each time add together the signal contribution of the 
different wave shaped signal at the same time. The thus obtained datasignal is thereafter supplied to a mod- 
15 ulator 7 which also receives the carrier originating from a carrier generator 6. The modulator enables a modu- 
lation of the datasignal on the carrier. The modulator comprises a chip frequency generator which is provided 
for the generating a chip frequency f c = 2fJM. Thereafter the modulated datasignal is transmitted on the medium 
9 by means of an interface 8. 

Figure 7 shows a preferred embodiment of a transmitter according to the invention. The transmitter, which 
20 is suitable to generate a spread spectrum signal, comprises a wave pattern generator 15 formed by a first mem- 
ory, preferably an EPROM wherein predetermined wave segments to be transmitted are stored. The address 
input of the first memory 15 is connected with the encoder 2, a delay-element 12 and a counter 14 together 
form an address generator. Preferably the first memory is page or segment organized memory enabling to store 
on each page or segment different wave patterns, each time determined on the basis of a chosen pseudo-noise 
25 code. By the latter embodiment the address input of the memory is further connected with a pseudo-noise code 
selector 1 1 which acts as an address generator and in function of the chosen pseudo-noise code each time 
selects the thereby belonging memory part. This makes the transmitter suitable to operate with different datasi- 
gnals, each time formed on basis of a different pseudo-noise code. 

The counter 14 is fed by a clocksignal originating from a clockgenerator 13 which is suitable to generate 
30 clocksignals with a frequency N s xf c . Hereby N s represents the number of samples that is clocked out for each 
chip at the transmitter side. The delay element 12 is provided to delay the encoded data over a period of one 
databit. It will be clear that when the intersymbol interference to be taken into account is considered over more 
than one preceding bit, the delay element has to be suitable to delay over as much databit periods as there 
are databits taken into account The most significant addressbit (third addresspart) An of a chosen page or seg- 
35 ment is formed by the encoded databit to be transmitted itself while the subsequent addressbit A(n-1) (second 
addresspart) is formed by the preceding databit and the further addressbits Aj(n-2^j^0) by the counting values 
generated by the counter 14. 

A data output of the memory 15 is connected with a digital to analogue converter 16 which is further con- 
nected with a lowpass filter 17 whose output is connected with an amplifier 18. The modulated datasignal 
40 amplified by the amplifier 18 is supplied to the medium 9 by means of a medium coupling member 10. 

Before further describing the operation of the transmitter shown in figure 7, the content of the first memory 
15 will first be described. In this memory the modulated datasignal is segmentwise and digitally stored. In order 
to take into account the interbit interference the latter is considered in the stored signal in such a manner that 
for each pseudo-noise code each time four wave patterns are stored, being the four possible sequences of 
45 databits namely 00,01 , 1 0 and 1 1 . For each of these sequences of databits with a chosen pseudo-noise code 
the modulated datasignal was determined and segmentwise stored in the memory. 

The dimension of the first memory is an important data and is determined by the number of samples which 
have to be stored for each chip, the number of quantisation levels for each sample and the number of different 
pseudo-noise codes which have to be provided. The number of samples per chip (N s ) is determined by the qual- 
50 ity of the low pass filter 1 7 and N s .f ct the clockfrequency of the digital-analogous converter 16. Mirror images 
of the transmission spectrum around the clock frequency are not desired. In the considered example N s = 32, 
in such a manner that a clockfrequency of the transmitter equals 1.04 MHz. For each sample there are provided 
256 quantisation levels (8 bits). 

As already described, the substitution has for consequence an interchip and interbit interference. In order 
55 to take the latter into account in the data stored in the first memory 15, for each of the possible sequences of 
databits a composed wave pattern has been determined comprising the databit to be transmitted, even as the 
considered preceding bit. For the databit and the chosen preceding databit the different chips of which they 
are built up are substituted and truncated in order to take into account within the first time window the influence 
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of the preceding bit. The influence of the interbit interference, considered in the time domain, is illustrated in 
figure 8. Consider for example a sequence of three subs quent databits to be transmitted do = 1, d1 =0 and 
d2 = 0. This sequence is represented under a in figure 8. The bitperiod T b is the same for each databit to be 
transmitted. The substitution and thereafter truncation of each chip from each of the bits gives for each bit a 
wave shaped signal as shown under b in figure 8. From this figure it can clearly be seen that within the period 
of for example the bit d1 there is as well signal of the bit do as of the bit 62 present. This signifies that by forming 
the composed wave pattern destined to be stored into a memory the presence of those signals of the neighbour- 
ing bits has to be considered in order to taken into account the interbit interference. 

The choice of the time window of the databit to be transmitted will determine which interference has to be 
taken into account. Under c and d in figure 8 two possible window choices for the databit to be transmitted are 
represented. When there is started from a truncation window having a period corresponding with the one of 
1/2 databit, and with the choice of the first window as represented under c, wherein that first time window cor- 
responds to the half of the bitperiod of the bit do and the half of the bitperiod of the bit d1, the first respectively 
the last quarter period only comprises information of the bit do respectively d1 . The second quarter period, illus- 
trated in figure 8 with the pattern f, still comprises a lot of the signal of the databit do however an influence of 
d1 is already present. The third quarter period, illustrated with the pattern g comprises the influence of the 
databit do and of the signal of d1. When d1 is considered as reference databit, than with a window choice as 
represented under c only the influence of the preceding databit do has to be taken into account. 

With the second window choice as represented under d in figure 8 wherein the period of the window cor- 
responds with the one of the databit and in the first quarter period of the window an influence of the databit do 
will be present in the signal of d1. In the fourth quarter period of the same window there is an influence present 
of the databit d2 in the signal of d1. The second and third quarter period comprise however only signals of the 
databit d1. The latter choice implies that as well the influence of the databit do as the one of the databit d1 
have to be taken into account by building up the composed wave pattern. 

The consideration of the influence of the one databit on the other is realised by adding together the different 
signals present at the same time. It will be clear that in the example shown in figure 8 there is supposed that 
by the substitution of each chip a truncation with a truncation window having a period corresponding to 1/2 
databit was applied. 

For the sake of clarity in the embodiment shown in figure 8 the choice of the first and the second time window 
were determined in such a manner that the time window period corresponds with the one of one databit. Other 
choices such as for example a period of more than 1 databit, for example 1 .5 T b (T b = bitperiod), are also poss- 
ible. The choice of the time window has each time to be made on beforehand in order to take into account the 
signal segments present within the chosen time window. In this manner and dependent from the chosen time 
window, there will be present within the time window either signal segments of the m (m e N) bits preceding 
the reference bit or signal segments of the m bits preceding and p (p <= N) following the reference bit 

The signal segments present within the chosen time window than form a signal pattern which is stored in 
a memory. When the reference bit is preceded by m databits which within the time window ail have a contribution 
to the signal pattern then there are 2 m possible signal patterns and a first series of 2 m signal patterns is stored. 
By 2 m * p (preceding and following) possible signal patterns there is stored a second series of 2 m + p possible 
signal patterns. 

The selection of the correct memory segment is determined by the choice of the pseudo-noise code and 
by the actual and preceding differentially coded databit. By means of a counter 14 the necessary number of 
samples per databit is supplied to a digital to analogue converter. 

Suppose now that the databit to be transmitted has a value "1" and that the preceding databit has a value 
"0" and that the first time window is the one such as represented in figure 8C. The address generator will now, 
by means of the delay element 1 2, form an address An-1 = 0. The further addresspart Aj is formed by the counter 
1 4. Because a clockgenerator 1 3 generates clocksignals with a frequency N s x f c there will thus, within the period 
of one databit, be addressed and read that part of the first memory wherein the modulated datasignal for the 
transmission of the databit having a value "1" is stored. The modulated datasignal read from the first memory 
is subsequently supplied to the digital to analogue converter 16 in order to be transmitted. 

The end amplifier 18 has the possibility to be brought into a high impedance state (tri-state) when the trans- 
mitter is not active in order to form an as high as possible load for other systems present on the medium. 

When by taking into account the interbit interf rence as well the preceding as the following databit with 
respect to the reference bit to be transmitted have been considered, the addressing of the m mory 15 is realised 
by making use of the considered m resp. p preceding, resp. following databits even as with the reference bit. 
When for example one preceding (m = 1) and one subsequent (p = 1) databit is taken into account, the addres- 
sing of the second memory is realised by delaying the preceding, resp. the data reference bit to be transmitted 
over two, resp. one bit period. 
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By the transmission of a first bit of a series of databits to be transmitted, in order to respect the method 
described hereabove, one or more pseudo preceding bits are chosen, for example with a value 0. 

The modulated datasignal is thus injected on the medium by means of the transmitter. The transmitted sig- 
nal will than be received by a receiver provided for receiving a spread spectrum signal. Figure 9 shows a first 

5 preferred embodiment of such a receiver which is part of a device according to the invention. The receiver com- 
prises a medium coupling member 20 which is connected with a bandpass filter 21 provided for letting pass 
only signals belonging to the chosen frequency range. In this manner the noise outside the communication 
channel is suppressed. The received signal is thereafter supplied to a 1-bit analogue to digital converter 22 
and thereafter sampled with a sampling frequency f s (23). The sampling frequency f s is completely determined 

10 by the coding parameters. In order to unequivocally sample the eye of the received datasignal, the carrier fre- 
quency f, has to be substantially an odd multiple (2r + 1) of the sampling frequency (4f Q = (2r + 1)f s . Preferably 
r is chosen equal to 0 if M =4 which signifies that 8 samples are realised a chip period T c . 

The thus obtained pulse sequence is than parallelly demodulated (XOR operation) by means of two waves, 
preferably block waves, with substantially the same frequency which thereupon are shifted in phase over 90° 

15 with respect to each other, which frequency corresponds with the one of the carrier. This implies that it is no 
longer necessary to let the phase of the internally generated carrier correspond with the one of the received. 
That demodulation is realised by supplying the sampled signal as well to a phase demodulator 24 as to a quad- 
rature demodulator 19. Two locally generated carrier frequency signals are supplied to the phase 24 and the 
quadrature 19 demodulator which signals are phase shifted over 90° with respect to each other [f o (<p=0 o Vf (© 
20 =90°)]. 

The output of the phase resp. quadrature demodulator is supplied to a first resp. second input of the mul- 
tiplexer 25, at which third input a signal with twice the sampling frequency (2f s ) is applied. An output of the mul- 
tiplexer 25 is connected to an addressinput of a third memory 28 which is part of a correlator 27. The 
addressinput of that third memory 28 is further connected with an output of the pseudo-noise code selector 32 

25 and with an output of a second counter 30. The counter 30 is clocked with the sampling frequency f s . The data 
output of the third memory 28 is connected with another adding unit 29, preferably a double parallel adding 
unit, which is also part of the correlator 27. The adding unit forms a phase resp. quadrature signal which is 
presented to a data processing unit 31, preferably a microprocessor. The data processing unit 31 is provided 
to form a control value for the second counter 30 and to derive from said phase and quadrature signal the 

30 received data. 

Because in this embodiment only four samples a carrier period are fetched during sampling, there are 
theoretically only four possible phase relations. If both of said carriers are in phase or in counterphase. this 
results after demodulation in the chip sequence resp. the inverted chip sequence in the phase channel. If the 
carrier waves are in quadrature with respect to each other, than the chip sequence or its inverted are found 

35 back in the quadrature channel. 

The use of a correlation value in order to recognize the transmitted data will now be described by means 
of the figures 10, resp. 11 wherein an example of a differentially encoded data resp. the position of the pertaining 
correlation value is shown. The values Mi(0 i 5) represent the transmitted databits. In figure 1 1 the horizontal 
axis gives the phase and the vertical axis the quadrature. When the results of the correlation of the demodulated 

40 chip sequences in the phase- and quadrature channel are set out with a resident pseudo-noise code in one 
plane such as given in figure 1 1 , only one of the four possible points in that plane can be obtained. Data recon- 
struction is than possible by inspection of the position of a point in the correlation plane with respect to the pre- 
vious. Due to the sequential inversion keying the value change of the transmitted databits, for example by a 
transition between M n and M 2 , will have for consequence for the points in the correlation plane a change to the 

45 other half plane, in this example of the fourth to the second quadrant. Due to the differential encoding at the 
transmitter side there is univocally determined that when the point changes to the half plane in the correlation 
plane, a databit with value M 0" has been transmitted. That data reconstruction by inspection of the position of 
the subsequent correlation points is performed in the receiver shown in figure 9 by means of the dataprocessing 
unit 31. Before data reconstruction can start it is however necessary to synchronize the input chip sequence 

50 with the corresponding resident pseudo-noise code. For this purpose the correlation curve will be recorded. 
The position of the highest top of this curve determines in fact the synchronization time moment. 

A correlation point on the curve is formed by the sum of the absolute values of the calculated correlation 
values from the phase and quadrature channel. Via the multiplexer 25 the chip values (2f s ) from the phase and 
the quadrature channel are alternately supplied to the correlater. Via an eightmultiple parallel operation 8 cor- 
55 relation values for each period of one databit are obtained in the phase and the quadrature channel. This sig- 
nifies that the determination of a full correlation curve takes a time of N = 63 data bits. 

Figure 12 illustrates an example of the third memory 28 being part of the correlater 27. Also the third m mory 
is a page- or segmentwise organized memory, wherein for each stored pseudo-noise code a page or a segment 
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(PNC1...PNC8) is reserved. Those pages or segments are for example addressed on the basis of the most 
significant addressbits which are generated by the pseudo-noise code selector 32. It will be dear that when 
there is only one pseudo-noise code used at the transmitter side, one page or one segment for the third memory 
28 will be enough. Each page or segment comprises two parts, a first (for example the addresses 8 to 51 1 ; 

5 63 X 8 = 504 sampling points per databit) resp. a second (for example the addresses 520 to 1 023) part wherein 
the inverted resp. the chip values of the pseudo-noise code itself are stored. At the addresses 0 to 7 and 512 
to 519 zeros are stored. The reason therefore will be explained hereunder. The pseudo-noise code is further 
8 times (8 samples per chip period) stored in such a manner that each time they are shifted over one sampling 
value. The chip value is for example shifted over 1/8 chip with respect to D 0 so that the bit of D Q on address 

10 8 corresponds with the one of D, on address 9, while the bit of D c on address 51 1 corresponds with the one 
of on address 8. 

The choice which memory part out of a page or a segment will be chosen is realized on the basis of the 
chip value of the chip sequence supplied by the multiplexer 25. Thus for example a chip value "1 w resp. "0" will 
choose the pseudo-noise code value itself resp. its inverted. For this purpose the correlater is for example pro- 

15 vided with a further address generator generating the appertaining address. That address generator cooperates 
with the second counter 30 which on its turn is initialized by the data processing unit. 

Because the second counter 30 is clocked with a sampling frequency f s and the multiplexer supplies with 
a frequency 2f s data to the third memory 28 with a frequency 2f s , for each sampling there is realised as well an 
addressing for the phase as the quadrature channel, which implies that for each sampling period as well a phase 

20 as the quadrature number are supplied to the adding unit 29. Because in this example there are 63 X 8 = 504 
sampling values, the counter 30 addresses 504 memory locations per databit. Further there are for each addres- 
sed memory location 8 values (D 0 , D 1t ...D 7 ) read. The values read while addressing the phase- and quadrature 
channel are supplied to a counter for the phase- resp. the quadrature channel in the adding unit 29. Those coun- 
ters than count for each databit period the supplied values together. 

25 When there is now synchronization of the supplied chip sequence with the one stored in third memory, than 

the substantially highest (504) or the lowest (0) correlation value is obtained, depending whether there is re- 
spectively operated synchronously with the code or with its inverted. Because the pseudo-noise code is eight 
times present, each time shifted over a sampling value (1/8 chip), there will be calculated eight correlation 
values in parrallel (D 0 -D 7 ) in the phase- and quadrature channel. 

30 By initialisation of the receiving procedure the data processing unit 31 will set the counter 30 on a predeter- 

mined value, in this embodiment the value 8, resp. 520, because on the memory locations 0-7 resp. 512-519 
only zeros are present. Also by that initialisation, each time after 504 samplings have been made, the added 
phase and quadrature correlation values will be supplied to the data processing unit which will check their mag- 
nitude. For this purpose the data processing unit checks if the correlation value exceeds a predetermined 

35 threshold value. If this is not the case, than the correlation value can only be generated by another signal than 
the one mixed with the chosen pseudo-noise code. By correlation with the stored pseudo-noise code the cor- 
relation value must at least exceed that threshold value. In case of non-exceeding of that threshold value the 
data processing unit will again initialize the counter on 8 resp. 520 and this each time until that threshold value 
is exceeded. 

40 When that threshold value is exceeded this signifies that a data signal has been received. The data pro- 

cessing unit will than start with the set-up of the whole correlation curve on the basis of the received phase- 
and quadrature values. The data processing unit will subsequently and synchronously with the stored pseu- 
do-noise code set out the position of the received phase and quadrature values in the correlation plane such 
as given in figure 1 1 , and will deduce therefrom the bit value of the transmitted data. If the subsequent databits 

45 are in the same halfplane resp. in a different halfplane than the bitvalue is "1" resp. "0'\ supposed that the data 
has been differentially encoded and has been mixed with the pseudo-noise code by means of a sequentially 
inverted keying (SIK). 

Once a whole databit period has lapsed after exceeding the threshold value the data processing unit will 
bring, during the synchronization operation, the preset value of the counter 30 resp. 512 to zero instead as to 

so eight resp. 520 in order not to calculate each time the same 8 correlation values of the curve for each subsequent 
received databit. This means that for each received databit a time delay of one chip is considered by addressing 
the stored pseudo-noise code. Because the first 8 memory locations only comprise zeros, they indeed do not 
have any contribution to the correlation sum. The position of the correlation peak determines for the data pro- 
cessing unit the preset address in order to realize the synchronization of both codes. After synchronization the 

55 dataprocessing unit has 8 correlation values after the lapse of each databit period. 

The thus determined correlation curve has a correlation peak showing a maximum. The position of that 
maximum of the correlation peak is now used for a tracking operation. Because the dataprocessing unit can 
shift, by means of the adjustment of the second counter, the addressing of the stored code with respect to the 
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incoming chip segments over 1/8 chip left or right, frequency drift effects can in this manner be taken into 
account. 

At each new received set of phase- and quadrature values the dataprocessing unit will preferably check if 
said threshold value has ben exceeded, in order not to interprete perturbations as databits. If that threshold 
5 value is no longer exceeded the data extraction will no longer take place and the counter 30 will again be 
initialized on 8 res p. 520. 

A second embodiment of a receiver according to the invention is shown in figure 13. The band pass filter 
21 is connected with an amplifier 33 whose output is connected with a multiple bit analogue to digital converter 
35. Amplifier 33 and converter 35 are further connected with an automatic gain control member 34 controlling 

w the amplification factor, in such a manner that independently of the intensity of the inputsignal (signal + channel 
noise) the range of the converter is optimally used. The sampling frequency f s of the converter 35 is here also 
chosen in such a way that two conversions take place within the time limit of the eye, thus also f s = 4.f 0 . 

The converter 35 is connected with a finite impuls response (FIR Finite Impulse Response) filter 36 having 
as its coefficients the selected pseudo-noise code chip values. The FIR filter is built up of a series of serially 

15 connected delay elements 38-i (0^2M(N-1)) each delaying the supplied chip value over the time of one sam- 
pling period. The connection lines between the delay elements 38-(2M.p) and 38-[(2M.p)+1] (with 0^p^N-1) 
are each time connected with a multiplier 39-(p+1) which is each time provided for multiplying the received chip 
value with the value of the chosen pseudo-noise code. It will be clear that when the FIR filter 36 has to be suitable 
to operate with more than one pseudo-noise code, said values have to be present for each pseudo-noise code. 

20 This is for example realized by providing the multipliers with a buffer wherein those values have to be stored. 
The available pseudo-noise code values can than be stored in a memory element. By initializing the filter the 
corresponding pseudo-noise code values are fetched from the memory in function of the selected pseudo-noise 
code and stored in the respective buffers. 

The multipliers are further connected with an adder 37 provided for adding together the formed product 

25 values. That adder than forms the result : 



N-l 

30 1=0 

whereby bn-8i represents the approximation for the (N-i) th chip and a, the supplied chip value of the selected 
pseudo-noise code. In this manner there is implemented a "shifting correlater" which supplies synchronously 
with the sampling frequency f s correlation values. 
35 If the received analogous signal is formally considered, than it has the following pattern : 

V*H Re x «P (t > • * i21rtot - 

Hereby & represents the phase rotation, introduced by the used transmission channel and eventually present 
frequency shift due to the difference in clock frequency between transmitter and receiver. This signal is sampled 
with a frequency f s . If now f 8 = 4*f G such as in the chosen embodiment, than the following simplified equation 
is obtained : 



40 



45 



50 



55 



wherein t=k/f s . 

In the supposition that x, p (t) is real, then : 



Mr) = Vr) • (eosS-cosflcf) - sina-sin(kj)) 

' s 's ^ 2 

The values supplied by the correlator 36 now have the pattern given hereunder (with k=n-2Mi) 
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N-l 

y n = x lp < " I ZM ')a i ] cos(^ njT) = C(n) . cos (<9+ n tT) 

5 

If now four subsequent values of the correlator 36 are considered, the following relation is found back ■ 
n = 0 C(0) . cos9 = C phase (0) 
n = 1 C(1).-sinS = -C square (1) 
n = 2 C(2) . -cosS = C phase (2) 
10 n = 3 C(3) . sinS = C square (3) 

This shows that for each two correlation samples, the projection on the phase axis of the correlation plane 
is obtained, for the correlation of the received datasignal with the selected pseudo-noise code, but each time 
with a changing sign. Shifted over 1/8 chip the same situation is found back for the protection on the quadrature 
axis of the correlation plane. 

15 In order to recover all the 2M W N values (504) of the correlation curve for each channel, it is sufficient, to 

change the sign every two correlation samples and to introduce by means of interpolation or simply repeating, 
the missing correlation samples of the considered channel. That operation is executed by a dataprocessing 
unit 40 having an input connected with an output the FIR filter 36 for receiving the correlation values. This datap- 
rocessing unit comprises a first multiplexer 41 which is controlled by a control signal having a frequency f s . The 

20 multiplexer 41 separates the phase- and quadrature values out of the stream of correlation values. The phase- 
resp. quadrature value is presented to a second 42 resp. a third 43 multiplexer. The signal received by the mul- 
tiplexer 42 resp. 43 is directly and inverted via inverters 44 resp. 45 supplied to a fourth 46 resp. a fifth 47 mul- 
tiplexer. The outputs of the multiplexer 46, 47 are connected with a synchronization and data reconstruction 
unit 48, which also is part of the dataprocessing unit 40. 

25 Figure 1 4 shows the correlation values at the output of the FIR filter 36. Hereby the full resp. broken lines 

represent the samples of the phase- resp. quadrature channel. 

The dataprocessing unit 40 determines the protection on the phase axis resp. the quadrature axis such as 
shown in fig. 15 resp. 16 and determines from the phase and quadrature correlation samples the whole corre- 
lation curve, which is determined from the sum of the square values of the corresponding samples of both chan- 

30 nels. 

The presence of data at the input is determined by the determining the ratio of the highest with the second 
highest maximum (minimum 2 chips shifted with respect to the highest) of the correlation values to be followed. 
If this ratio exceeds a predetermined further threshold value, than data is present and from that time on there 
is searched within a window of 504 values (data bit) for the maximum of the correlation value. The phase- and 

35 quadrature projections corresponding with those value determine a point in the correlation plane which is com- 
pared with the preceding point (preceding databit) for realising data reconstruction, such as described in the 
embodiment according to figure 9. Once synchronized it is no longer necessary to search for a maximum in 
the whole window of 504 values. A small window can be used for that purpose. Tracking is not really necessary 
with this receiver implementation because there is a continuous presence of correlation values. If however a 

40 smaller window is used, possible frequency drift can be taken into account by shifting the search window by 
software in the correct direction, taking into account the established shift at the preceding bits. 

Synchronisation only takes the time of one databit period by this receiver implementation. Because of its 
form that receiver implementation is also very suitable for integration. 



45 



50 



Claims 



A method for transmitting data within a predetermined frequency range over a noisy medium, in particular 
the electricity mains network, wherein a spread spectrum data independent signal formed by a pseudo 



noise code comprising N(Ne fN V {0}) chips per databit is generated and mixed with the data to be trans- 
mitted for forming a spread spectrum datasignal, which datasignal is modulated on a carrier having a fre- 
quency f G chosen within said frequency rang and wherein a chip frequency f c is used which is substantially 
a whole fraction (M, 2f D = f c M) of the double of the carrier frequency and at least 50 % of the power of the 
55 modulated datasignal is transmitted within said frequency range, and wherein a correlation operation with 

the pseudo noise code is applied to the received data signal for extraction of the data, characterized in 
that each chip of the data signal to be transmitted is each time substituted while maintaining the chip value 
by a wave shaped signal having a raised cosine sp ctrum, which spectrum is substantially inside said fre- 
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quency range which wave shaped signal is thereafter truncated by means of a truncation window whereby 
the spectrum broadening is kept limited within said frequency range in order to obtain a further wave 
shaped signal which is, considered in the time domain, limited within the time of a predetermined period, 
which truncation window is chosen in such a manner that at least the main lobe of the spectrum of said 
wave shaped signal is substantially completely inside said frequency range and wherein the signal con- 
tribution of the different wave shaped signals at a same time are each time added together. 

A method as claimed in claim 1, characterized in that for said truncation window there is chosen a period 
corresponding with the one of one databit. 

A method as claimed in claim 1 or 2, characterized in that for said raised cosine spectrum there is chosen 
a rolloff factor comprised within 0.25 and 0.75. 

A method as claimed in anyone of the claims 1-3, characterized in that said modulated dataslgnal is trans- 
mitted within the frequency range situated between 40 and 90 KHz, and said datasignal is modulated on 
a carrier having a frequency of substantially 65 KHz and wherein M = 4 is chosen for said fraction. 

A method as claimed in anyone of the claims 1, 2, 3 or 4, characterized in that the data is differentially 
coded before it is mixed with said data independent signal. 

A method as claimed in anyone of the claims 1, 2, 3, 4 or 5, characterized in that a sequential inversion 
keying (SIK) is applied while mixing the data and the pseudo noise code. 

A method as claimed in anyone of the claims 1-6, characterized in that for a databit to be transmitted there 
is chosen a first time window extending over at least a first fraction of a bitperiod of the databit to be trans- 
mitted and at least a second fraction of the bitperiod of at least one databit preceding the databit to be 
transmitted and wherein for each value of the databit to be transmitted there is composed a first series of 
2 m signal patterns, m indicating the number of bits preceding the databit to be transmitted of which 
signalsegments are present within the first time window, and wherein an ^(1=^2™) signal pattern of said 
first series comprises the wave shaped signal segment belonging to the first time window and obtained 
by substitution and truncation and belonging to said value of the databit to be transmitted as well as the 
wave shaped signal segments belonging to that first time window obtained by substitution and truncation 
and which belong to the i* bitcombination of the 2 m possible bitcombinations, which first series is stored 
in a first memory. 

A method as claimed in anyone of the claims 1-6, characterized in that for a databit to be transmitted there 
is chosen a second time window extending over one bitperiod of the databit to be transmitted and wherein 
for each value of the databit to be transmitted there is composed a second series of 2< m + p> signal patterns 
whereby m, respectively p represents the number of databits preceding respectively following the databit 
to be transmitted of which signal segments are present in the second time window, and wherein an i* (1^ 
i ^2 m ♦ p) signal pattern of said second series comprises the wave shaped signal segment belonging to 
the second time window and obtained by substitution and truncation and belonging to said value of the 
databit to be transmitted as well as the wave shaped signal segments belonging to that second time win- 
dow obtained by substitution and truncation and belonging to the I th bitcombination of 2 m + p possible bit- 
combinations, which second series is stored in the second memory. 

A method as claimed in claim 7, characterized in that the signal patterns of said first series are seg- 
mentwise stored into the first memory on address locations which are addressable on the basis of a databit 
sequence of the data to be transmitted, and that for transmitting the modulated datasignal for each databit 
to be transmitted, an address is generated on the basis of the bitvalue of the databit to be transmitted and 
the bitvalue of the m databits preceding the databit to be transmitted and wherein said first memory is 
addressed by said generated address. 

A method as claimed in claim 8, characterized in that the signal patterns of said second s ries are seg- 
mentwise stored into the second memory on address locations which are addressable on the basis of a 
databit sequence of the data to be transmitted, and that for transmitting the modulated datasignal for each 
databit to be transmitted, an address is generated on the basis of the bitvalue of the databit to be trans- 
mitted and the bitvalue of the m preceding and the p databits following the databit to be transmitted and 
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wherein said second memory is addressed by said generated address. 

11. A method as claimed in anyone of the claims 1-10, wherein for deriving a chip sequence the received mod- 
ulated datasignal is sampled and demodulated, and wherein the chip sequence is synchronised with a 
5 pseudo-noise code generated at the receiver side and corresponding with the one used in the transmitted 

data signal, characterized in that, for said synchronisation use is made of a third memory wherein the 
pseudo noise code values and their inverse are stored, which third memory is addressed by means of the 
demodulated elements of the chip sequence. 

10 12. A method as claimed in claim 1 1 , wherein for the correlation operation there is checked if the correlation 
value exceeds a predetermined threshold value, and in that a full correlation curve is recorded after 
exceeding said threshold value, characterized in that while recording a full correlation curve there is 
delayed over 1-chip period for each databit period when addressing the stored pseudo-noise code. 

15 13. A method as claimed in claim 12, characterized in that the correlation curve comprises a correlation peak 
having a maximum and that there is applied a tracking operation on the basis of the position of the 
maximum of the correlation peak. 

14. A method as claimed in claim 11, characterized in that the received modulated datasignal is supplied to 
20 a finite impulse response (F.I.R.) filter for correlation with said pseudo-noise code. 

15. A method as claimed in claim 12 or 14, characterized in that by mixing the data and the pseudo noise code 
a sequential inversion keying is applied and that for extraction of the data value from the received modu- 
lated datasignal there is checked if with respect to a previous determination a jump from the one to the 

25 other half plane within the points in the correlation plane has taken place. 

16. A method as claimed in claim 11 or 14, characterized in that an n-bits (n^1) analog-digital conversion is 
applied to the received modulated datasignal, and that the presence of data in the modulated datasignal 
is checked by determining the ratio of the greatest with the second greatest maximum of the correlation 

30 values and by verifying if said ratio exceeds a further predetermined threshold value. 

17. A method as claimed in claim 14, characterized in that there is sampled with a sampling frequency which 
is four times the carrier frequency and that the signal output of the finite impulse response filter comprises 
a sequence of phase and quadrature values even as the inverted values of those phase and quadrature 

35 values and wherein said sequence is separated in a first respectively a second subsequence comprising 

the phase respectively the quadrature values, and wherein the values of each subsequence are each time 
converted to a same sign. 

18. A device destined for executing the method as claimed in anyone of the claims 1 to 6, which device com- 
40 prises a transmitter provided with a datasignal generator, which datasignal is formed by mixing a spread 

spectrum data independent signal formed by a pseudo noise code comprising N(N e rM \ {0}) chips a 
databit with the data to be transmitted, which transmitter is provided with modulation means provided for 
modulating the datasignal to be transmitted on a carrier with a frequency f Q chosen within said frequency 

45 range, which transmitter further comprises a chip generator for generating said chips with a chip frequency 

f c which is a substantially whole fraction (M) of the double of the carrier frequency f ot and wherein the modu- 
lation means and the chipgenerator are provided for transmitting at least 50 % of the modulated datasignal 
power within said frequency range, which device further comprises a receiver with a correlator provided 
for applying a correlation operation with the pseudo-noise code to the received data signal in order to ext- 

^ ract the data, characterized in that, the transmitter comprises substitution means provided for substituting 

while maintaining the chip value each chip of the data signal to be transmitted by a wave shaped signal 
having a raised cosine spectrum and being substantially inside said frequency range, which transmitter 
further comprises truncation means connected with said substitution means and which are provided for 
truncating said wave shaped signal by a truncation window whereby the spectrum broadening is limited 

55 within said frequency range in order to obtain a further wave shaped signal which is, considered in the 

time domain, limited within the time of a predet rmined p riod, which transmitter comprises adding means 
connected with said truncation means and provid d for each time adding tog th r the signal contribution 
of the different wave shaped signals at a same time. 
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19. A device as claimed in claim 1 8, characterized in that, said substitution means are provided for determining 
a first time window for a databit to be transmitted, which first time window extends over at least a first frac- 
tion of the bit period of the databit to be transmitted and at least a second fraction of the bitperiod of at 
least one databit preceding the databit to be transmitted, which transmitter further comprises a signal pat- 
tern generator connected with the substitution means and provided for generating a first series of 2 m signal 
patterns for each value of the databit to be transmitted whereby m indicates the number of databits pre- 
ceding the databit to be transmitted of which signal segments are present in the first time window and whe- 
rein an I th (1 ^ i=i 2 m ) signal pattern of said first series comprises the wave shaped signal segment belonging 
to the first time window and obtained by substitution and truncation and belonging to said value of the 
databit to be transmitted even as the wave shaped signalsegments belonging to that first time window and 
obtained by substitution and truncation belonging to the i** bitcombination of the 2 m possible bitcombi- 
nations. 

20. A device as claimed in claim 1 8, characterized in that, said substitution means are provided for determining 
a second time window for a databit to be transmitted, which second time window extends over one bitperiod 
of the databit to be transmitted, which transmitter further comprises a signal pattern generator connected 
with the substitution means and provided for generating a second series of 2 m + p signal patterns for each 
value of the databit to be transmitted wherein m, respectively p is the number of databits preceding re- 
spectively following the databit to be transmitted of which signal segments are present in the second time 
window and wherein an i* (1^i=i2 m ♦ p) signal pattern of said second series comprises the wave shaped 
signal segment belonging to the second time window and obtained by substitution and truncation and 
belonging to said value of the data bit to be transmitted even as the wave shaped signal segments belong- 
ing to that second time window and obtained by substitution and truncation and belonging to the i* bit- 
combination of the 2 m + p possible bitcombinations. 

21. A device as claimed in claim 19, characterized in that said signal pattern generator is formed by a first 
memory and wherein said transmitter comprises a first address generator connected with an address input 
of said first memory, said address generator has a first input for receiving a databit to be transmitted and 
a second input for receiving a clocksignal formed on the basis of the chip frequency, which address 
generator further comprises a delay element for delaying over at least one databit transmission period the 
supplied databit, which address generator is provided for generating an address on the basis of the sup- 
plied databit and the databit supplied by the delay element 

22. A device as claimed in claim 20, characterized in that, said signal pattern generator is formed by a second 
memory and wherein said transmitter comprises a second address generator connected with an address 
input of said second memory, which second address generator comprises a third input for receiving a 
databit to be transmitted and a fourth input for receiving a clocksignal formed on basis of the chip fre- 
quency, which address generator further comprises a first respectively second delay element for delaying 
the supplied databit over one respectively two databit periods, which address generator is provided for 
generating an address on the basis of the supplied databit and the databit output by the first respectively 
the second delay element. 

23. A device as claimed in claim 18, wherein the receiver comprises a sampling unit provided for sampling 
the received modulated data signal with a sampling frequency which is substantially a whole multiple of 
the modulation frequency f D , which sampling unit is connected with a demodulator provided for demod- 
ulating the sampled signal by means of two waves which have substantially a same frequency and which 
are relative to each other substantially 90° phase shifted and which frequency corresponds with the one 
of the carrier and for therefrom deriving a chip sequence, which receiver further comprises a synchronis- 
ation unit provided for synchronising the chip sequence with a pseudo-noise code generated at the 
receiver side and which corresponds with the one used for the transmitted datasignal, characterized in 
that the synchronisation unit comprises said correlator, which correlator comprises a third memory pro- 
vided for storing the pseudo-noise code and the inverse thereof. 

24. A device as claimed in claim 23, characterized in that, the synchronisation unit comprises a further address 
generator having an input for receiving the chip sequence elements, which further address generator com- 
prises a second counter having a clock input for receiving a sampling frequency signal and which is pro- 
vided for generating a second counting value on the basis of said sampling frequency signal, which further 
address generator is provided for generating an address form d by a first respectively a second address 
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part comprising said chip sequence element respectively said second counting value. 

25. A device as claimed in claim 23, characterized in that, the third memory is provided for storing at least two 
different pseudo-noise code sets with each time their inverse value. 

26. A device as claimed in claim 23, characterized in that, the receiver comprises a multi-bit analog-digital 
convertor. 

27. A device as claimed in claim 23 or 26, characterized in that, said correlator comprises a finite impulse res- 
10 ponse filter which is provided with serially switched delay elements for each time delaying the supplied 

chip sequence elements over a sampling period, which filter further comprises multipliers provided for mul- 
tiplying the supplied chip value with the value of the pseu'Jo-noice code and for therewith forming a product 
value, which multipliers are further connected with an adder provided for adding the supplied product 
values and thereof forming a correlation value as well in the phase as the quadrature channel. 

15 

28. A device as claimed in claim 27, characterized in that the sampling unit is provided for sampling the 
received modulated data signal with a sampling frequency which is four times the carrier frequency and 
that the finite impulse response filter is provided for output a signal comprising a sequence of phase- and 
quadrature values even as the inverse values of these phase- and quadrature values, which receiver 

20 further comprises separation means provided for separating said sequence in a first respectively a second 

subsequence comprising the phase respectively the quadrature values, which separation means are 
further provided for rendering uniform the value of the subsequence with respect to their sign. 

29. Transmitter destined to be used in a device as claimed in anyone of the claims 1 8 to 22, characterized in 
25 that the transmitter comprises said modulation means. 

30. Receiver destined to be used in a device as claimed in anyone of the claims 23 to 28, characterized in 
that the receiver comprises a sampling unit. 

30 
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